Background
==========

Colorectal cancer is a malignant tumor that occurs in the colon or rectum, with high incidence and mortality worldwide \[[@b1-medscimonit-25-9435],[@b2-medscimonit-25-9435]\]. The most common pathological type of colon cancer is colon adenocarcinoma. Colon adenocarcinoma is a kind of malignant epithelial tumor with adenoid differentiation of intestinal mucosa. The occurrence of the lesion is related to genetic and dietary factors \[[@b3-medscimonit-25-9435]\]. Adenocarcinoma is often accompanied by lymphatic metastasis, and the prognosis is generally poor and related to the invasion and dissemination of the lesion \[[@b4-medscimonit-25-9435]\].

Genomic epigenetic modifications, such as histone modification, RNA modification and DNA methylation, play a critical role in tumorigenesis and development. The RNA modification 6-methyladenine (m6A) was first reported in 1974 \[[@b5-medscimonit-25-9435]\]; it is the most common kind of mRNA methylation modification. m6A is widely associated with RNA modifications, including mRNAs, tRNAs, snRNAs, as well as long-chain non-coding RNAs \[[@b6-medscimonit-25-9435]\]. The m6A mRNA methylation modification is the major RNA modifications.

It has been shown that m6A mRNA methylation modification is reversible and is dynamically regulated by methyltransferases that include METTL3/14, WTAP, and KIAA1429, which catalyze the adenylate mRNA m6A modification \[[@b7-medscimonit-25-9435]\]. The complex formed promotes the m6A methylated group to be written into RNA, and the earliest writing genes are METTL3, METTL14, and WATP; the complex they form together cause the m6A methylated group to be written into RNA \[[@b8-medscimonit-25-9435],[@b9-medscimonit-25-9435]\]. Subsequently, it has been reported that more new "writers" genes such as METTL16, KIAA1429, and RBM15 \[[@b7-medscimonit-25-9435],[@b10-medscimonit-25-9435]\]. Demethylation enzymes include FTO and ALKHB5 \[[@b11-medscimonit-25-9435]\], which are used to demethylation the bases that have been modified by m6A. The main function of reading protein is to recognize the base that is modified by m6A, so as to activate the downstream regulatory pathways such as RNA degradation, miRNA processing, and so on \[[@b9-medscimonit-25-9435]\]. Reading protein will bind to the m6A site of RNA, and then produce a variety of biological functions. The first reading gene was the coding gene of YTH domain family protein, including YTHDFs and YTHDCs subtypes \[[@b12-medscimonit-25-9435],[@b13-medscimonit-25-9435]\]. The "Readers" genes in YTHDCs subtypes are YTHDC1 and YTHDC2 \[[@b14-medscimonit-25-9435]\]. On the other hand, the reading genes of YTHDFs subtypes were YTHDF1, YTHDF2, and YTHDF3 \[[@b12-medscimonit-25-9435]\], respectively. In addition to the YTH domain family protein genes, several reading genes were found, eIF3, hnRNPC, and hnRNPA2/B1 genes \[[@b13-medscimonit-25-9435]\]. In recent years, more and more evidence has shown that the level of m6A modification is related to the self-renewal of tumor stem cells, and the growth, proliferation, anti-chemotherapy, and radiotherapy sensitivity of cancer cells \[[@b15-medscimonit-25-9435],[@b16-medscimonit-25-9435]\]. The link between m6A RNA and human cancer types has been confirmed in a variety of cancers, including cervical cancer, prostate cancer, breast cancer, pancreatic cancer, liver cancer, and acute myeloid leukemia \[[@b17-medscimonit-25-9435]--[@b19-medscimonit-25-9435]\].

So far, although METTL3 has been reported to act as an oncogene to maintain the SOX2 (SRY \[sex determining region Y\]-box 2), expression in colorectal cancer cells via an m6A-IGF2BP2-dependent mechanism \[[@b20-medscimonit-25-9435]\], the expression pattern of m6A RNA and its clinical value in colorectal cancer remains unclear. YTHDF1 is overexpressed in colorectal cancer and plays a vital oncogenic role in colorectal cancer \[[@b21-medscimonit-25-9435]\].

In this study, we downloaded the RNA sequencing data from the cancer genome map of The Cancer Genome Atlas (TCGA) data set. The expression of 13 widely reported m6A RNA regulators in colon adenocarcinoma and its correlation with clinicopathological features was systematically analyzed. Then, analysis by means of bioinformatics and statistical analysis were performed in order to explore the potential application value of m6A modified regulatory factor in colon adenocarcinoma.

Material and Methods
====================

Datasets
--------

We systematically searched the RNA-seq transcriptome data of colon adenocarcinoma in TCGA database (*<http://cancergenome.nih.gov/>*) and downloaded the matching clinical information data. Patients without survival information were excluded from further assessment. RNA-seq data collection its fragments per kilobase million (FPKM) style data \[[@b22-medscimonit-25-9435]\].

Tumor classification
--------------------

The consistent clustering algorithm was used to evaluate the stability of the clustering and determine the clustering number of samples. The principle of classification was as follows: 1) the growth rate of cumulative distribution function (CDF) value was slow; 2) there were no small clusters in the clustering data; and 3) the correlation was high in the group. The program was executed using the ConsensusClusterPlus R package \[[@b23-medscimonit-25-9435]\].

Principal component analysis (PCA)
----------------------------------

Principal component analysis (PCA) was performed by the PCA provided by Limma package \[[@b24-medscimonit-25-9435]\], and the results were visualized by ggplot2 package \[[@b25-medscimonit-25-9435]\].

Analysis of risk characteristics and prognosis
----------------------------------------------

In order to evaluate the prognostic significance of m6A RNA methylation regulators, potential risk characteristics was developed by using Lasso Cox regression algorithm. The genes in Cluster II subgroup associated significantly with survival were identified. Further functional analysis of those genes was performed, and their coefficients were determined through the minimum standard. The best penalty parameter λ related to the minimum 10 times cross verification in the training set were selected to obtain the final risk score. The program is executed using glmnet package \[[@b26-medscimonit-25-9435]\] and survival package \[[@b27-medscimonit-25-9435]\]. Consistent with RNA methylation regulatory factor expression, patients were divided into 2 subgroups. Using the median risk score obtained from Lasso regression (from risk characteristics) as the demarcation value, the high-risk and low-risk groups were classified and compared the overall survival. The receiver operating characteristic (ROC) curve \[[@b28-medscimonit-25-9435]\] was used to test the predictive efficiency of the survival model. Risk score was determined by univariate and multivariate Cox regression analysis. The prognostic value of risk score was determined. Molecular pathological features in those subgroups were investigated based on the risk score.

Statistical analysis
--------------------

The expression of m6A RNA methylated regulatory factors in tumor tissues and paracancerous tissues in TCGA samples was compared by one-way ANOVA. The clinical characteristics and m6A RNA methylation regulation of different groups were compared by chi-square test. Kaplan-Meier method was used for bilateral logarithmic rank test in overall survival analysis. All tests were 2-sided, and *P*-values \<0.05 were considered statistically significant. All the statistical analyses in this study are implemented by Rv3.5.3 (*<https://www.r-project.org/>*).

Results
=======

Identification of m6A RNA methylated regulators in colon adenocarcinoma
-----------------------------------------------------------------------

The expression of 13 m6A RNA methylation regulatory factors in TCGA database was shown in [Figure 1A and 1B](#f1-medscimonit-25-9435){ref-type="fig"}. Except for YTHDC2, the expression of the other 12 factors was significant different between the tumor group and the adjacent mucosa group. Expression of ALKBH5 (*P*\<0.001) and METTL4 (*P*\<0.01) in tumor tissues were downregulated significantly compared with the adjacent mucosa. The expression of YTHDF1 (*P*\<0.001), ZC3H13 (*P*\<0.001), FTO (*P*\<0.001), METL3 (*P*\<0.001), WTAP (*P*\<0.05), HNRNPC (*P*\<0.001), YTHDF2 (*P*\<0.001), YTHDC1 (*P*\<0.001), RBM15 (*P*\<0.001), and KIAA1429 (*P*\<0.001) in tumor tissues were upregulated significantly compared with the adjacent mucosa.

Clustering of patients and the survival rate of clusters
--------------------------------------------------------

The consistent clustering analysis of the patients was carried out basing the expression of m6A RNA methylation regulators in TCGA. Finally, it was decided to cluster the patients into 2 Subgroups ([Figure 2A--2D](#f2-medscimonit-25-9435){ref-type="fig"}).

The PCA showed that RNA expression in subgroups were specific, but on the whole, there were many overlapping areas between the 2 groups, suggesting that the 2 groups had something in common ([Figure 3](#f3-medscimonit-25-9435){ref-type="fig"}). The clinicopathological features had no significant difference ([Table 1](#t1-medscimonit-25-9435){ref-type="table"}, [Figure 4A](#f4-medscimonit-25-9435){ref-type="fig"}). By comparing the expression of m6A RNA factors in Cluster I and II subgroups ([Figure 4A, 4B](#f4-medscimonit-25-9435){ref-type="fig"}), the difference of ZC3H13 and KIAA1429 expression between the 2 subgroups was no significant difference, but the difference in expression of other m6A RNA factors were statistically significant. Compared with Cluster II, the expression of m6A RNAs except YTHDF1 were downregulation in Cluster I subgroup. The overall survival rate of the 2 groups was analyzed by Kaplan-Meier survival curve and shown in [Figure 4C](#f4-medscimonit-25-9435){ref-type="fig"}. Overall survival between the 2 groups had no significant difference ([Figure 4C](#f4-medscimonit-25-9435){ref-type="fig"}).

Predictive value of 2 selected m6A RNA methylation regulators in prognosis
--------------------------------------------------------------------------

We constructed risk models for 2 groups of patients with colon cancer, which included m6A RNA, as shown in [Figure 5A and 5B](#f5-medscimonit-25-9435){ref-type="fig"}. Results showed that Cluster I subgroup did not included m6A RNA. In Cluster II subgroup, as shown in [Figure 5C and 5D](#f5-medscimonit-25-9435){ref-type="fig"}, the 2 m6A RNAs YTHDF1 and HNRNPC are included in the risk model, with risk signal values were −0.0075 and 0.0085, respectively.

Based on the risk characteristics, Cluster II subgroups was divided into high-risk group and low-risk risk group. The clinical characteristics and the expression of YTHDF1 and HNRNPC were compared between the 2 groups ([Table 2](#t2-medscimonit-25-9435){ref-type="table"}, [Figure 6](#f6-medscimonit-25-9435){ref-type="fig"}). The clinical characteristics had no significant difference. However, there was relative lower expression of YTHDF1 (*P*\<0.001) and relative higher expression of HNRNPC (*P*\<0.001) in the high-risk group, suggesting the risk was associated with the gene expression. Kaplan-Meier survival curve analysis was carried out between high-risk group and low-risk group based on different risk signals. There was a significant difference in overall survival between the 2 subgroups (*P*\<0.032, [Figure 7A](#f7-medscimonit-25-9435){ref-type="fig"}). The predictive efficiency of the constructed survival curve was further analyzed, as shown in [Figure 7B](#f7-medscimonit-25-9435){ref-type="fig"}. The area under the curve (AUC)=0.62, in the ROC curve indicates that the prediction efficiency of the curve was good.

The relative risk (HR) values of different clinical features in high-risk group and low-risk group in Cluster II were further analyzed. As shown in [Figure 8A and 8B](#f8-medscimonit-25-9435){ref-type="fig"} the results of univariate analysis showed that the TNM (tumor, nodes, metastasis) stages of the high-risk group was higher than that of low-risk group, and the HR value was more than 1. Based on the risk value, the clinical data were analyzed by univariate and multivariate Cox regression analysis. The results of univariate and multivariate regression showed that the *P* values of risk score were all less than 0.05, indicating that the risk score obtained by our model can be used as an independent prognostic factor for overall survival in colon adenocarcinoma.

Discussion
==========

Evidences that m6A RNA modification were related to tumor proliferation, differentiation, tumorigenesis \[[@b29-medscimonit-25-9435]\], proliferation \[[@b30-medscimonit-25-9435]\], invasion \[[@b29-medscimonit-25-9435]\]and metastasis \[[@b31-medscimonit-25-9435]\]. The m6A modification acts as carcinogenic or anticancer genes in malignant tumors. Based on the large sample data of 331 cases of colon adenocarcinoma in TCGA database, we showed that the expression of m6A RNA methylated regulators in colon adenocarcinoma was significantly changed in tumor tissues, suggesting that m6A RNA modification plays an important role in colorectal adenocarcinoma. It should be noted that ALKBH5 and METTL4 were downregulated in tumor tissues, and the expression of ALKBH5 decreased most significantly. It is suggested that ALKBH5 is hypomethylated. ALKBH5, the Fe2+ and α-ketoglutaric acid-dependent non-heme oxygenase, is the second demethylase discovered \[[@b32-medscimonit-25-9435]\]. ALKBH5 is a member of AIkB family, but unlike other AIkBs, ALKBH5 only has the ability to demethylation m6A on single strand RNA/DNA \[[@b32-medscimonit-25-9435]\]. It has been reported that ALKBH5 reduces the level of m6A and enhances its stability in breast cancer, resulting in an increase in the level of m6A and protein in breast cancer stem cell (BCSCs) \[[@b33-medscimonit-25-9435]\]. ALKBH5 is highly expressed in glial stem cell-like cells (glioma stem cells, GSCs) and promotes the proliferation of GSCs \[[@b34-medscimonit-25-9435]\]. Low expression of ALKBH5 promotes the demethylation of lncRNAKCNK15-AS1 m6A, resulted in a decrease in invasion and metastasis in pancreatic cancer cell lines \[[@b35-medscimonit-25-9435]\]. Invasion is thought to be closely associated with angiogenesis in cancer \[[@b36-medscimonit-25-9435]\]. Our study found that the expression of ALKBH5 in colon adenocarcinoma was lower than that in adjacent mucosa, suggesting that the role of ALKBH5 in colon cancer needs to be further studied.

In order to further study the effect of m6A RNA methylation regulatory factor on the clinicopathological characteristics and prognosis of colon adenocarcinoma, we analyzed the matched clinical data of the samples downloaded from TCGA. We divided all the downloaded samples into 2 subgroups by consistent clustering. It was found that the expression of m6A RNA between the 2 subgroups was significant different, especially in HNRNPC and YTHDF1. The expression of HNRNPC in Cluster I subgroup was lower than that of Cluster II subgroup, while YTHDF1 was higher than Cluster II subgroup. We observed that most of m6A RNA was low expression in Cluster II subgroup. The overall survival between the 2 subgroups had no significant difference, which may be related to the consistent clustering grouping. Although there were significant differences in gene distribution between the 2 groups, there were more overlapping regions. As a result, the difference in apparent characteristics between the 2 groups were not obvious. Basing on the difference in the expression of m6A RNA regulators in Cluster I and II subgroups, we found that the differential expression of YTHDF1 and HNRNPC were associated with the survival of patients with colon adenocarcinoma. By Lasso regression cross-validation, we found that the differential expression of HNRNPC and YTHDF1 in Cluster II subgroup was a risk factor. The specific manifestations were relative higher expression of HNRNPC and relative lower expression of YTHDF1 in high-risk group compared with low-risk group. It was found that there was significant difference in overall survival, and the prediction efficiency is 0.62, indicating that the prediction effect on prognosis is good. Based on the risk value, the clinical data were analyzed by univariate and multivariate Cox regression analysis. The results of univariate and multivariate regression showed that the *P* values of risk score were all less than 0.05, indicating that the risk score obtained by our model can be used as an independent prognostic factor for colon adenocarcinoma. The difference was not significant in clinicopathological features (*P*\>0.05), suggesting that relative lower expression of YTHDF1 and relative higher expression of HNRNPC were associated with high-risk and poor overall survival. Thus, HNRNPC and YTHDF1 were independent prognostic factors for colon adenocarcinoma patients. YTHDF1 could reflect malignant degree, which has prognosis value in hepatocellular carcinoma \[[@b37-medscimonit-25-9435]\]. In the study of colon cancer, there are similar reports that YTHDF1 are involved in the tumor process of colon cancer \[[@b20-medscimonit-25-9435],[@b21-medscimonit-25-9435]\]. YT521-B homology (YT521-Bhomology, YTH) YTH domain recognizes and reads m6A methylated information in a methylation-dependent manner \[[@b38-medscimonit-25-9435]\]. Nishizawa et al. \[[@b39-medscimonit-25-9435]\] found that YTHDF1 gene was highly expressed in patients with colorectal cancer. Through the stratification study of clinicopathological data, it was reported that YTHDF1 gene expression was associated with tumor diameter (*P*\<0.009), lymph node metastasis (*P*\<0.044), distant metastasis (*P*\<0.036) and clinical stage (*P*\<0.0226). However, the specific regulatory mechanism has not been studied \[[@b39-medscimonit-25-9435]\]. In our study, after consistent clustering, we eliminated the interference of confounding factors and found that the expression of YTHDF1 was not affected by clinical stage but affected by T, N, and M (tumor, nodes, and metastasis). YTHDF1 was a risk factor by univariate regression analysis. HNRNPA2/B1 proteins might involve in the precursor miRNA transcription precession in the HNRNP family \[[@b40-medscimonit-25-9435]\], while HNRNPC proteins affect the local secondary structures of mRNA and lncRNA. HNRNP has not been extensively studied. However, the overexpression of HNRNPL is critical for the recruitment of the DNA repair factors in oxaliplatin-induced DNA double-strand breaks \[[@b41-medscimonit-25-9435]\] and HNRNPC plays a key role in establishing the APA (alternative cleavage and polyadenylation) profile of metastatic colon cancer cells \[[@b42-medscimonit-25-9435]\]. The dynamic regulation of m6A methylation level on RNA and the potential biological regulatory functions need to be further studied. The 2 m6A genes found in this study are all reading genes, and their further functions need to be further studied.

Conclusions
===========

This study found that HNRNPC and YTHDF1 were expressed specifically in subtypes of colon cancer, and HNRNPC andYTHDF1 could be used as independent prognostic factors for special colon cancer, which was not affected by clinical characteristics. Although the differences between the subgroups in clinical characteristics, as well as the specific roles of HNRNPC and YTHDF1 needs to future investigate, our findings have potential value for devolving the prognostic stratification and treatment strategies of colon cancer.

**Source of support:** Departmental sources

![Expression of m6A RNA methylation regulators in colon adenocarcinoma. (**A**) Heatmap of the expression of 13 m6A RNA methylated regulatory factors in different colon adenocarcinoma. The depth of red represents the level of high expression, and the depth of green represents the level of low expression \* *P*\<0.05, \<0.01, \<0.001, \<0.0001. (**B**) The violin diagram showed the median expression of 13 m6A RNA methylated regulatory factors in colon adenocarcinoma, and position of white spots on the way represented the median value of expression. \* *P*\<0.05, \<0.01, \<0.001, \<0.0001.](medscimonit-25-9435-g001){#f1-medscimonit-25-9435}

![Consistent cluster analysis of colon adenocarcinoma. (**A**) The consistency clustering cumulative distribution function (CDF) when k is between 2 and 10. (**B**) The relative change of the area under the CDF curve from 2 to 10 of k. (**C**) At k=2, the correlation between groups. (**D**) The distribution of the sample when k is between 2 and 10.](medscimonit-25-9435-g002){#f2-medscimonit-25-9435}

![Principal component analysis of 2 clusters of total RNA expression profile after consistency analysis of colon adenocarcinoma in TCGA dataset. The Cluster I subgroup is marked in red and Cluster II subgroup in cyan. The scattered points show the distribution of RNA expression in the 2 subgroups.](medscimonit-25-9435-g003){#f3-medscimonit-25-9435}

![Comparison of clinical characteristics and expression of m6A RNA methylated regulators between 2 subgroups of samples divided into 2 groups by consistent cluster analysis. (**A**) m6A RNA methylation regulators consistently express the thermographic and clinicopathological features of the 2 defined clusters (RM1/2). (**B**) The violin diagram shows the comparison of the median values of 13 m6A RNA methylated regulatory factors in 2 clusters of colorectal adenocarcinomas, and the location of the white spot represents the median value of expression. \* *P*\<0.05, \<0.01, \<0.001, \<0.0001. (**C**) Comparison of overall survival (OS) curve Kaplan-Meier OS rate in patients with and colon cancer.](medscimonit-25-9435-g004){#f4-medscimonit-25-9435}

![Risk signals of 13 m6A RNA methylation regulators in 2 groups of colon adenocarcinoma samples. (**A, C**) The longitudinal coordinate is the value of correlation coefficient, the lower transverse coordinate is logLamda (penalty coefficient), and the upper transverse coordinate is the number of non-zero coefficients in the model. The lines of different colors represent the trajectory of the correlation coefficient of different factors in the model with the increase of LogLamda. (**B, D**) The upper transverse coordinate represents the format of the factor, the lower transverse coordinate represents the logLamda (penalty coefficient), and the longitudinal coordinate represents the error of cross verification. The point with the smallest cross verification error corresponds to the number of factors included in the Lasso regression model.](medscimonit-25-9435-g005){#f5-medscimonit-25-9435}

![Comparison of clinicopathological characteristics and expression of HNRNPC and YTHDF1 in 2 groups after grouping based on risk characteristics. The heatmap shows the clinical characteristics of high-risk group and low-risk group. Different colors represent different clinical features and the expression of 2 m6A RNA methylation regulatory factors.](medscimonit-25-9435-g006){#f6-medscimonit-25-9435}

![Prognostic value of 2 m6A-RNA methylation regulators in Cluster II subgroup. (**A**) Based on risk characteristics, Cluster II subgroup is divided into high-risk group and low-risk group. Kaplan-Meier overall survival (OS) rate curve, longitudinal coordinate shows survival rate, transverse coordinate shows time survival time. (**B**) Shows the receiver operating characteristic (ROC) curve, which shows the predictive efficiency of the survival rate of the survival model based on risk feature grouping.](medscimonit-25-9435-g007){#f7-medscimonit-25-9435}

![The relationship between clinicopathological features and overall survival of patients. (**A, B**) The relative risk (HR) values of clinical features in high-risk group by univariate regression analysis and multivariate regression analysis. The vertical line on the way is invalid. The horizontal lines in the color module represent the confidence interval of each factor.](medscimonit-25-9435-g008){#f8-medscimonit-25-9435}

###### 

Comparison of clinical characteristics of samples divided into 2 groups by consistency cluster analysis.

  Subgroup     Total   Age    Gender   Stage    T    M     N                               
  ------------ ------- ------ -------- -------- ---- ----- ---- ---- ----- ---- ----- ---- -----
  Cluster I    162     ≤65    64       Female   72   I     24   T1   3     M0   139   N0   102
                       \>65   98       Male     90   II    75   T2   25    M1   23    N1   34
                                                     III   40   T3   112   M2   --    N2   26
                                                     IV    23   T4   22    M3   --    N3   --
  Cluster II   169     ≤65    69       Female   82   I     34   T1   4     M0   139   N0   97
                       \>65   100      Male     87   II    59   T2   33    M1   30    N1   41
                                                     III   46   T3   118   M2   --    N2   31
                                                     IV    30   T4   14    M3   --    N3   --

###### 

Comparison of clinical characteristics between the 2 groups based on risk characteristics.

  Subgroup   Total   Age    Gender   Stage    T    M     N                             
  ---------- ------- ------ -------- -------- ---- ----- ---- ---- ---- ---- ---- ---- ----
  High       84      ≤65    29       Female   38   I     18   T1   1    M0   72   N0   49
                     \>65   55       Male     46   II    30   T2   17   M1   12   N1   20
                                                   III   24   T3   59   M2   --   N2   15
                                                   IV    12   T4   7    M3   --   N3   --
  Low        85      ≤65    40       Female   44   I     16   T1   3    M0   67   N0   48
                     \>65   45       Male     41   II    29   T2   16   M1   18   N1   21
                                                   III   22   T3   59   M2   --   N2   16
                                                   IV    18   T4   7    M3   --   N3   --
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